INTRODUCTION
Vascular dementia (VaD) is the second most common cause of age-related dementia after Alzheimer's disease (AD) [1] . Significantly extended life expectancy coupled with the sedentary lifestyle is predicted to increase the incidence of type 2 diabetes, hypertension and hyperlipidemia, all of which are risk factors for vascular disease and subsequent vascular cognitive impairment. The worldwide number of patients with vascular causes of dementia are expected to rise assuming no effective prevention strategies or curative treatments are developed and implemented [2] .
Knowledge of VaD pathophysiology has been lagging behind AD for a number of reasons.
The lack of suitable animal models and difficulties in obtaining well-characterized clinical samples has hampered the progress of basic and translational research on VaD.
Immunohistochemical, neurochemical and electron microscopic studies using post-mortem clinical samples remained the mainstay of mechanistic research [3] [4] [5] . Neuroimaging together with clinical observation in patients have provided vital complementary information that forms the basis for the current understanding of VaD [6] . Multiple clinicopathologic substrates have been implicated in the pathogenesis (e.g. cortical or subcortical microinfarcts, demyelination of white matter, cribriform change of basal ganglia and white matter), that links cerebrovascular changes to cognitive impairment, independent of Alzheimer's type pathology [7] . However, the molecular events that drive these vascular and parenchymal changes in the brain are still poorly understood. Given the complexity and heterogeneity of cerebrovascular disorder and the presence of co-morbidities in VaD patients, it is likely that rather than an individual or small number of proteins, multiple candidate proteins present in networks are perturbed leading to the spectrum of cognitive and behavioral symptoms.
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The advent of quantitative proteomic technologies using isobaric labeling strategy has made it possible to quantify several proteins in a single experiment for comparative study of global protein regulation across various biological samples. Isobaric tag for relative and absolute quantification (iTRAQ) is one of the most commonly used in vitro isotopic labeling strategies in different areas of biological science and medicine for simultaneously quantifying 4-or 8-plex samples [8] . Clinical proteomics of dementia have flourished in the recent times with a rapid increase in the number of studies analyzing different parts of the post-mortem brain of AD patients for expression profiling studies [9, 10] . Apart from the well-known β-amyloid and tau hypothesis, the involvement of pathological events such as excitotoxicity, oxidative stress and inflammation has been highlighted. Post-translational modifications such as carbonylation, phosphorylation of various key proteins have also found to contribute to AD.
Despite having immense potential to elucidate disease mechanisms, proteomic studies of VaD using preclinical or clinical samples are lacking. Recently, we have successfully applied an iTRAQ-based shotgun neuroproteomic strategy in the area of ischemic stroke to study validated pre-clinical models [11, 12] , and ischemic infarcts from autopsied human brain [13] . Here, we apply a similar iTRAQ-two dimensional-liquid chromatography-tandem mass spectrometry (iTRAQ-2D-LC-MS/MS) based quantitative proteomic approach on postmortem VaD and matched non-demented control specimens from Brodmann area 21(BA21) of the temporal lobe for better understanding of the underlying molecular mechanism of VaD.
We focused on the temporal lobe because medial temporal lobe atrophy is a common finding in dementia and our recent study suggested there is a vascular basis for neurodegeneration [14] . The temporal lobe is also relatively free of large infarcts thus making it ideal to detect the survival response of the demented brain [15] . The iTRAQ experiment identified differentially expressed proteins from the pooled lysates of the two groups. Bioinformatics analysis of the proteomic data set revealed the aberrant regulation of proteins related to
multiple cellular or subcellular events associated with VaD such as vascular dysfunction and oxidative stress. Some representative deregulated proteins were further validated by Western Blotting (WB) using individual patients. This study is the first quantitative proteomic investigation to reveal the differential global proteomes between VaD and age-matched control brain that provide a valuable data set for future basic or translational studies with individual proteins to propose potential therapeutic targets or biomarkers of VaD.
MATERIALS AND METHODS

Reagents
Unless indicated, all reagents and assay kits were purchased from Sigma-Aldrich (St. Louis, MO, USA).
Patients and Clinical Assessments
We obtained frozen brain tissues from 10 non-demented elderly controls and 10 age-matched
VaD subjects. The tissues were obtained from the Newcastle Brain Tissue Resource, Institute for Ageing and Health, Newcastle University. Demographic details of the subjects are summarized in Table 1 and can be found for individual subjects in the Supplemental Table 1 .
For this study, we assessed samples of the grey and white matter from BA21 area of the temporal lobe. VaD was clinically diagnosed using National Institute of Neurological Disorders and Stroke and Association Internationale pour la Recherché et l'Enseignement en Neurosciences criteria [16] . Pathological diagnosis of VaD was defined by the presence of multiple or cystic infarcts involving cortical and sub-cortical structures, border-zone infarcts, lacunae (<15 mm), micro-infarcts (visible by microscopy only) and small vessel disease in sub-cortical structures in the general absence of neurofibrillary tangles [15] . Clinical evidence of dementia along with the same type or a combination of these lesions at three different coronal levels was considered diagnostic for VaD. None of the VaD cases exhibited tangle
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burden diagnostic for AD or more than 'sparse' neuritic plaques as defined by Consortium to Establish a Registry for Alzheimer's Disease (CERAD) [17, 18] . The cognitive assessments were made using Mini-Mental State Examination (MMSE) [19] . MMSE is a 30-point scale to evaluate the cognitive functions that cover orientation, memory, and attention. MMSE also includes the subject's ability to follow verbal and written commands. All control subjects were cognitively normal and they did not have any history of dementia, neurological disease or psychiatric conditions. The control participants did not qualify for the neuropathological diagnostic criteria of AD as none of the subjects had higher than Braak stage III/IV tangle burden or more than ''sparse'' plaque counts by CERAD criteria. Demographic and disease variables of the control and VaD patients indicated comparable samples for analysis (Table   1) .
Ethical approval was granted by local research ethics committees for this study (Newcastle upon Tyne Hospitals Trust, UK) and permission for post-mortem research using brain tissue was granted for this project. Additional approval for this study was obtained from the Institutional Review Board of the National University of Singapore. Informed consent was also obtained from the guardians of the patients prior to donation of brain tissues.
Experimental Design
The experimental design is described in Figure 1 and Table 1 .Overall, it was divided into two phases, discovery and validation phase. The major challenge of expression profiling studies is to discriminate disease-specific changes from individual variations. To discover a consensus proteomic signature predictive of VaD and to gather enough amount of starting material, equal weight of tissues were pooled group-wise from 10 individual samples for the iTRAQ analysis in the discovery phase. Pooling has been suggested to get rid of the outliers or aberrant individual variations while highlighting most consistent disease-specific changes A C C E P T E D M A N U S C R I P T ACCEPTED MANUSCRIPT [20] . The tryptic digest from pooled control and VaD (n=10 for each group) samples were labeled by two iTRAQ tags (114: control, 115: VaD) of the 4-plex iTRAQ kit. The iTRAQ experiment was repeated thrice (experimental replicate = 3, iTRAQ-1, iTRAQ-2, iTRAQ-3) using the pooled digest. Injection for LC-MS/MS was performed thrice (technical replicate =
3) for iTRAQ-1 and iTRAQ-2 and four times (technical replicate=4) for iTRAQ-3 as multiple injections give better coverage of the target proteome with superior statistical consistency [21] . Thus, a total of 10 (=3+3+4) MS injections were performed to generate ten individual data sets that will allow for the calculation of technical as well as experimental variations arising from individual iTRAQ experiments. Post-proteomic validation of selected proteins from the iTRAQ data set were performed on individual patients (biological replicate =10 for control and VaD group) using a separate tissue specimen from the BA21 area of the same individual by WB analysis to measure the extent of biological variation.
Proteomics
Sample Preparation
Sample processing including centrifugation and sonication were performed at 4 °C unless mentioned otherwise. A biphasic chloroform/methanol extraction coupled with acetone precipitation was adopted with slight modifications as described previously [22, 23] . This is to maximize the recovery of various macromolecules and matabolites from scarce clinical specimens suitable for downstream processing through different -omics platforms. Briefly, equal quantities of frozen tissues (w/w) were pooled in a group-wise manner and grounded into fine powder using liquid nitrogen before being suspended in a mixture of methanol (Merck KGaA, Darmstadt, Germany), chloroform and water (J.T.Baker, Center Valley, PA, USA) (1:1:2). The suspension was mixed for 1 h and subsequently centrifuged (15 000xg, 2 min) to obtain the pellet. The non-polar chloroform fractions were kept for separate studies.
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The previous step was repeated using a mixture of methanol, chloroform and water (4:1:3)
for washing the pellet. The polar methanol-water phase was combined from consecutive steps and mixed with acetone (overnight, 4 volumes of acetone, -20°C) followed by centrifugation (15 000xg, 5min) to precipitate the residual proteins. Methanol was used subsequently to wash the protein containing pellets and remove contaminants that were followed by centrifugation (15 000xg, 2 min). Protein pellets were dissolved in 8M urea with protease A C C E P T E D M A N U S C R I P T
Electrostatic Repulsion and Hydrophilic Interaction Chromatography (ERLIC)
The mixture of iTRAQ-labeled peptides was fractionated using a PolyWAX LP anionexchange column (4.6 × 200 mm, 5 μm, 300 Å) (PolyLC, Columbia, MD, USA) on a Prominence UFLC system (Shimadzu, Kyoto, Japan) and monitored at the wavelength of 280 nm. Thirty five fractions were collected during a 60 min gradient of 100% buffer A (0.1% acetic acid, and 10 mM ammonium acetate in 85% acetonitrile (ACN)) for 5 min, 0-36% of buffer B (0.1% formic acid (FA) in 30% ACN) for 25 min, 36-100% of buffer B for 20 min, and 100% of buffer B for the last 10 min at a flow rate of 1 ml/min [24, 25] . Eluted fractions were pooled into 26 fractions depending on the peak intensities. They were dried in a vacuum centrifuge and redissolved in 0.1% FA in 3% ACN for LC-MS/MS analysis.
Reverse Phase LC-MS/MS Analysis using QSTAR
Each fraction of redissolved iTRAQ-labeled peptides was sequentially injected in triplicate and separated in a home-packed nanobore C18 column with a picofrit nanospray tip ( 
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Mass Spectrometric Raw Data Analysis
Spectra acquired from each of the technical and experimental replicates were submitted alone and together to ProteinPilot Software (v 3.0, Revision Number: 114 732, Applied Biosystems) for peak list generation, protein identification and quantification against the concatenated target-decoy Uniport human database (downloaded on 12 March 2012). User defined parameters in ProteinPilot software were configured as described previously [11] with minor modifications as follows: (i) Special factors, urea denaturation; (ii) Specify
Processing, quantitate, bias and background correction. Default precursor and MS/MS tolerance for QSTAR ESI-MS instrument were adopted automatically by the software. The false discovery rates (FDR) of both peptide and protein identification were set to be less than 1% (FDR = 2.0*decoy_hits/total_hits).
Bioinformatics Analysis
The open-source software Panther and David were used for the enrichment analysis in various categories like Gene Ontology and pathways by submitting Uniprot accession numbers of the short-listed proteins [26, 27] . The human proteome was used as a default background for David. The enrichment analysis in David identifies overrepresentation of certain phenotype (i.e. a group of proteins common to a specific pathway, class, location, function, disease or any other attribute) from long list of regulated proteins that did not occur only by chance. Significances were expressed by fold of enrichment and p-value before and after corrections with Benjamini-Hochberg or modified Fisher's exact test. Any phenotype was considered enriched when the p-value was less than 0.01 and FDR less than 1% after corrections with both the above-mentioned methods.
Post-proteomic Validation
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Sample Processing
Samples were briefly thawed on ice and dissected to remove meninges and exclude the blood vessels and the white matter. Cleaned samples were then homogenized at 50 mg tissue/ml in an ice cold cell lysis buffer (20 mM tris-HCl, 150 mM NaCl, pH 7.5) (Cell Signaling control. This cocktail does not react with full-length PARP. Twenty to forty micrograms of proteins were used for WB depending on the sensitivity of the specific antibody.
Immunoreactivity was detected by using an HRP chemiluminescent substrate reagent kit (Invitrogen, Carlsbad, CA). A pooled sample was used to normalize the inter-gel variation between repeated runs for the same protein.
Statistical Analysis
All statistical analyses were performed using SPSS 13.0 for Windows software (SPSS Inc.).
Normality of data was first checked using the Kolmogorov-Smirnov test. Independent sample t-test was used to compare the means of control and VaD group. Equal variances were assumed for the calculation of p-values as the two groups had equal number of subjects (n = 10). Non-parametric Mann-Whitney U Test was used for comparing non-normal distributions. Correlations involving only continuous data (i.e. age, post-mortem interval, and protein abundance) were analyzed by Pearson's product moment correlation. Spearman's rank correlation was used when one of the variables are ordinal in nature (i.e. MMSE score, Braak staging, CERAD score). Experimental data for WB analysis were presented as mean ± SEM. Statistical significance was accepted at *p < 0.05 and **p < 0.01.
RESULTS
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To understand the global proteomic change in VaD, pooled tissue extracts were compared between groups of age-matched control and VaD subjects by iTRAQ experiment.
Quality Control of iTRAQ Data Set
A strict cut-off of unused ProtScore ≥ 2 was used as the qualification criteria to minimize the false positive identification of proteins. With this criteria, 1569, 2039 and 1525 proteins were identified from the three iTRAQ experiments with a FDR of <0.8%. To improve the confidence of identification and quantification, all ten individual injections from the three iTRAQ experiments were combined for subsequent analysis. The combined data set had 2282
proteins with a FDR of 0.3% using the ProtScore cut-off mentioned above (Supplemental Table 2 ). The average number of unique peptides (having a confidence level of ≥95%) detected per protein was 21.8. More than 55% of the proteins (1260 proteins) had ≥5 unique peptides, while around 14% of proteins were identified with a single peptide. The average % coverage for the combined data set was 28.2%, whereas around 39.4% of the proteins (901 proteins) had % coverage more than the average level. Intriguingly, some proteins were identified with 100% sequence coverage (e.g. Hemoglobin subunit beta (HBB), Gammasynuclein, and Fructose-bisphosphate aldolase C) (Supplemental Table 2 ). This result is better than our previously published report where a single iTRAQ experiment was performed to study the regulated proteome [12] . To the best of our knowledge, this data set is likely the biggest neuroproteomics data set from similar iTRAQ based quantitative clinical proteomic study. Next, the ratios were sorted using a p-value cut-off of 0.05 to shortlist a set of 171 significantly perturbed proteins for further analysis.
Estimation of threshold for Confidently Defining Perturbed Proteins
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To determine the cut-off for up-or down-regulation, the deviation of ratios (i.e. 115/114) of individual proteins between various technical and experimental replicates were measured as described previously [11, 12] . The proteins that have been confidently identified in at least 3 injections were included. Accordingly, geometric mean, standard deviation and %coefficient of variation (%CV) of 1878 proteins were determined. The average %CV was around 13%.
The %CV was less than 20% and 40% for more than 84% and 98% of the proteins (Figure 2 ).
Based on this, the regulation threshold was set at 1.4 fold; ratio >1.40 or <0.71 was considered as up-or down-regulated respectively. Applying this threshold to the 171 significantly perturbed proteins, a list of 144 proteins (6.3% of initial hits) were obtained;
where 72 each were up-and down-regulated (Supplemental Table 3 ). This was advanced to the next stage for bioinformatics analysis to retrieve hidden biological trends.
Bioinformatics Analysis
Bioinformatics analysis revealed up-regulation of various neurotransmitter signaling pathways (e.g. glutamate and acetylcholine) while glycolysis, tricarboxylic acid cycle, ATP synthesis and pyruvate metabolism were featured among the down-regulated pathways.
Recently, the up-regulation of GluR2 subunit of glutamatergic α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor was reported in the BA22 area of the VaD brain when compared with age-matched control and mixed AD/VaD cases, which is concordant with the trends observed in our study [28] . Proteins related to metabolic, immune system process, cell adhesion and apoptosis exhibited mixed trends. Majority of metabolic proteins (77.9%, 60/77) were decreased in the VaD brain, while proteins linked to cell adhesion (90.9%, 10/11) and immune system processes (61.1%, 11/18) were elevated. This is consistent with a recent RNA microarray study reporting the up-regulation of genes associated with cell adhesion and immune response in the deep subcortical white matter lesion [29] . The levels of Table 2) .
Post-proteomic Validation by WB Analysis
Eleven proteins (i.e. SOD1, NCAM, ATP5A, UQCRC2, SYNPO, HSPA4, VDAC1, ferritin, PEA15, ICAM5 and syntaxin) were selected from the list of 171 significantly regulated proteins for validation in twenty subjects individually (Figure 3 ). They were selected from a wide range of molecular functions according to the bioinformatics analysis, such as energy metabolism (e.g. ATP5A, UQCRC2), oxidative stress (e.g. SOD1, ferritin), inflammation (e.g. NCAM, ICAM5), synaptic transmission (e.g. SYNPO, syntaxin) and apoptosis (e.g.
HSPA4, PEA15, VDAC1
). In addition, three more candidates (i.e. SDHB, MT-CO2 and NDUFB8) related to oxidative phosphorylation were also included as negative control to check the reliability of the relative quantization as none of them were significantly (p > 0.05) regulated in the proteomics result (Table 2 ). It should be noted here that unlike iTRAQ experiment, which was performed on pooled lysates, the p-value in the WB analysis is an estimate of the biological variation based on the cohort of twenty individuals. Hence, increasing the number of subjects per group could have resulted in a statistically significant difference for some of the above mentioned candidates. Considering the groups were not gender-matched, individual abundances of all proteins from WB results were compared between male (n = 9) and female (n = 11) to evaluate the influence of gender as a potential confounding factor. The levels of UQCRC2 was found to be significantly lower (p = 0.027) in male compared to female subjects thus excluding it from further discussion.
Syntaxin did not exhibit any difference between VaD and control groups by WB, although it was found to be up-regulated (i.e. STX1A and STX1B, ~1.8 fold) in the iTRAQ analysis (Table 2 ). This ambiguity can be related to the sampling of an independent piece of tissue for proteomic and WB validation experiment or may have arisen from the different sample processing protocols. The three negative controls (SDHB, MT-CO2 and NDUFB8) did not show difference between VaD and control brain tissues in both WB and iTRAQ, indicating the reliability of the sample pooling strategy in the discovery phase. Overall, a consistent trend was observed with the iTRAQ result for the selected proteins with the exception of syntaxin.
Correlation Analyses
One of the major confounding factors for studies involving post-mortem specimens of geriatric subjects is sampling artifact that may alter pattern or magnitude of protein expression [30] . Correlation analysis was performed for two groups of subjects individually and in combination in order to study linear associations between the immunoreactivities of the key perturbed proteins and available neuropathological or clinical variables. Individual Table 4 .
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DISCUSSION
To our knowledge, this is the first comparative proteomic profiling of post-mortem brain tissues of VaD and control subjects by combining the attributes of biphasic chloroform/methanol extraction for sample preparation, multiplex isobaric labeling with iTRAQ reagent chemistry, two dimensional liquid chromatography, nano-electrospray ionization and high resolution tandem mass spectrometry (iTRAQ-2D-LC-MS/MS).
Unraveling the Pathophysiology of VaD -A Systems Biological Perspective
To ensure specificity of dementia due to vascular causes and not due to the presence of comorbidities, extensive neuropathological characterization was performed to exclude confounding from two other possible causes of dementia (e.g. AD and dementia with Lewy bodies (DLB)). VaD samples did not exhibit significant Alzheimer's type of pathology as the neuritic plaques were confined to only the entorhinal areas (stage I-II) ( Table 1 ). These stages are generally considered to be without symptoms or be associated with little evidence of
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dementia [31] . Additionally, immunoreactivity of none of the tested fourteen candidates' correlated with the Braak staging (n = 17), MMSE score (n = 7) and CERAD score (n = 10) thus excluding probable etiological association between key perturbed proteins with Alzheimer's pathology (Supplemental Table 4 ). Neuropathological examination also confirmed the absence of Lewy body pathology in the selected subjects (data not shown).
Hence, the presence of cognitive impairment as seen by the low MMSE scores in the VaD group (Table 1) was associated with cerebrovascular pathology through the deregulation of different functional classes of proteins found in the current data set.
Cortical Hypoperfusion and Vascular Dysfunction in VaD
The plasma proteins in our short-listed data set may allow better understanding of the Figure 3, 4) . The decrease in HSPA4, which normally functions as a chaperone and protects cells from inflammation during cerebral ischemic injury, may further worsen the inflammatory condition [37] . The levels of L1CAM and NCAM were found to be higher in the cerebrospinal fluid (CSF) of VaD, AD and MIX dementia patients compared to nondemented controls [38] . Soluble form of ICAM5 have been detected in the serum within first 48 h of cerebral hypoxic-ischemic injury of mice, where shredded neuronal ICAM5 could act as an anti-inflammatory agent by suppressing the T-cell activation [39, 40] .
Deregulation of Iron Metabolism and Oxidative Stress
In human brain, iron is ubiquitous and is responsible for the activity of key enzymes (e.g.
cytochromes, mitochondrial non-haem iron proteins) and for the synthesis of neurotransmitters. Most of the total iron in healthy brain is sequestered by ferritin thus
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limiting its pro-oxidant potential. Brain ferritin-associated iron levels increase with age.
Abnormal elevation of brain iron and ferritin has been reported in the neurodegenerative dementias (i.e. AD, PD and dementia with Lewy Bodies) suggesting that increased iron levels may contribute to the misfolding and subsequent deposition of key proteins [41] . Although consistent correlation between iron accumulation and cognitive dysfunction has been documented in animal or clinical studies related to neurodegenerative diseases like AD, similar reports are scarce in the area of VaD [42] . Here, we report an increase of brain ferritin (H-and L-isoforms) levels of VaD patients compared to the age-matched control group Table 4 ). Nevertheless, we also observed an upward trend for GPX in the proteomic data set, an enzyme that reduces H 2 O 2 to water using reduced glutathione (GSH). Several studies with animal models of ischemic stroke (focal or global cerebral ischemia) have demonstrated the neuroprotective potential of SOD1 [43] . In line with that, we have seen reduced levels of SOD1 and elevated levels of ferritin in the ischemic infarcts (i.e. core of injury), when
compared with matched control subjects [13] . Recently, SOD1 has been selected to genetically modify neural stem cells as its overexpression has improved their survival following intracerebral administration in rodent models of ischemic stroke. This is consistent with the probable protective role of SOD1 as discussed above [44] .
Mechanisms of Cell Death in VaD
Inflammatory and oxidative stress mechanisms as discussed above are suggested to precede apoptosis that finally causes cell death in the demented brain [7, 29] . Recent studies have demonstrated neuronal apoptosis as one of the contributing pathways of cell death in the neocortex of cerebral autosomal-dominant arteriopathy with subcortical infarcts and leukoencephalopathy [45] . Hence, to elucidate the pathways that seal the fate of the stressed cells in this group of VaD patients, we had tested the expression of well-known apoptotic markers that include pro-caspase 3, p17 subunit of active caspase 3, cleaved PARP along with anti-apoptotic BCL2 protein. Pro-caspase 3 forms activated caspase 3 at the initiation of apoptotic cascade that proteolytically cleaves the DNA repair enzyme, PARP to generate the 89 kDa apoptosis-specific PARP fragment. However, no significant differential expression of pro-caspase-3 and BCL2 between VaD and control subjects was observed ( Figure 6 ). The PARP fragment and p17 subunit of caspase 3 remained undetected in either group following WB analysis indicating absence of significant degradation of the PARP enzyme by active caspase 3. Therefore, our data points toward the involvement of non-apoptotic pathways of cell death in the cortex of the studied VaD patients. However, there is tantalizingly little data on the underlying mechanisms of cell death in VaD and the participation of autophagy has been speculated [7] .
Overall, our quantitative proteomic approach documents the up-regulation of seemingly protective and deleterious pathways simultaneously in the temporal cortex of the VaD subjects. An inflammatory condition (i.e. NCAM1) or vascular insufficiency (e.g. HBB) and
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a decline in the energy metabolism (i.e. ATP5A1) are accompanied by the up-ward trend for anti-inflammatory (i.e. ICAM5), anti-apoptotic protein (i.e. PEA15) or proteins related to iron storage (i.e. FTL, FTH1) or anti-oxidative function (i.e. SOD1) (Figure 4 ). This penumbralike condition is not surprising considering the presence of predominant sub-cortical lesions in these VaD subjects as we deliberately sampled one neocortical area (i.e. BA21) that is located at a distance from the epicenter of the vascular injury. Accordingly, the synaptic proteins (e.g. syntaxin) did not show an unanimous reduced expression indicating no generalized synaptic decline as seen in case of AD affected brain [5] . Hence, our proteomic result was able to identify the key molecular substrates behind different pathological 
LIMITATIONS
Being a study performed using PM specimens; the data interpretation is limited by the availability of samples. The groups were not matched by sex and gender was found to be a confounding factor for one of the candidate proteins (i. Immunohistochemical studies on similar samples targeting some of the regulated candidates will be complementary to this approach.
CONCLUSIONS
Our quantitative clinical proteomic study demonstrates deregulated proteome of the temporal cortex of VaD patients compared to non-demented control subjects. We have successfully applied novel sample preparation methods compatible with the systems approach to confidently identify 2284 proteins by iTRAQ experiment using a group-wise sample pooling strategy. The majority of the deregulated proteome has never been reported in context of VaD or dementia. In addition, we were able to obtain statistically significant difference of three 
ASSOCIATED CONTENT
Supporting Information
Supplemental Details of the patients can be found in the Supplemental Table 1 . ACTB was used as a loading control. B) Bar chart of densitometric analysis for comparing the protein expression levels by the statistical analysis. SOD1 and NCAM were significantly increased whereas ATP5A was reduced significantly in the VaD brain. Trends were observed for SYNPO, HSPA4, VADC1, ferritin, PEA15 and ICAM5 without reaching a statistical significance.
Data was presented as mean ± SEM (n =10), where *p <0.05, significantly different from control using independent-sample t-test. A C C E P T E D M A N U S C R I P T respective primary function/pathway. The energy metabolism category is sub-divided into four groups. Majority of the proteins related to energy metabolism were down-regulated, while proteins related to inflammation (immune response and cell adhesion) were up-regulated. Proteins participating in synaptic transmission and chaperonic function displayed a mixed trend. * Proteins incorporated in the list due to their close association with the regulated proteins although they did not meet the above-mentioned preset selection criteria. For example, the fold of down-regulation was <1.4 fold for SYNPO, while others (e.g. SDHB, SNCG) doesn't have a significant p-value (i.e. p >0.05). † EF; error factor. It is a measure of the certainty of the average ratio. The true ratio for the protein is expected to be found between (reported ratio) ÷ EF and (reported ratio) * EF for 95% of the time.
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Biological Significance
Our study is the first quantitative clinical proteomic study where iTRAQ-2D-LC-MS/MS strategy has been used to identify the differential proteome in the VaD cortex by comparing
VaD and matched control subjects. We generate testable hypothesis about the involvement of various proteins in the vascular and parenchymal events during the evolution of VaD that finally leads to malfunction and demise of brain cells. This study also establishes quantitative proteomics as a complementary approach and viable alternative to existing neurochemical, electron microscopic and neuroimaging techniques that are traditionally being used to understand the molecular pathology of VaD. Our study could inspire fellow researchers to initiate similar retrospective studies targeting various ethnicities, age-groups or sub-types of VaD using brain samples available from brain banks across the world. Meta-analysis of these studies in the future may able to shortlist candidate proteins or pathways for rationale exploration of therapeutic targets or biomarkers for VaD.
